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Description 



[METAL BONDING METHOD FOR 
SEMICONDUCTOR CIRCUIT 
COMPONENTS EMPLOYING PRESCRIBED 
FEEDS OF METAL BALLS] 

Cross Reference to Related Applications 

[0001] This application is a divisional of a prior application serial 
no. 10/249,572, filed April 21, 2003, which claims the 
priority benefit of Taiwan application serial no. 92106255, 
filed March 21, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates in general to semiconductor 
circuit components and a method of fabrication. In partic- 
ular, the present invention relates to the fabrication of 
metal bonding for device dice of semiconductor circuit 
components utilizing prescribed feeds of metal balls. 

[0004] Technical Background 



[0005] core circuit devices of semiconductor circuit components, 
either integrated or discrete, are fabricated on silicon 
wafers in batches of multiple dice. After the wafer fabrica- 
tion stage, each circuit component die needs to be se- 
cured to and hermetically sealed in an enclosure, fre- 
quently plastic or ceramic, and becomes a useful circuit 
component for assembly onto the printed circuit board of 
an electronic equipment. An important step in this pack- 
aging process is bonding, the electrical connection of 
contact pads on the component die to their corresponding 
pins of the package. 

[0006] various types of electrical connection are used for differ- 
ent circuit components. For example, joining is a scheme 
connecting the die circuitry to the package relying on pure 
mechanically pressed contact. Joining is found primarily in 
discrete circuit components such as diodes that mechani- 
cally press the electrical contact of a circuit die onto its 
corresponding package lead. Joining is susceptible to 
fluctuations of environmental factors and is generally un- 
reliable. 

[0007] Another method of electrical connection between circuit 
dice and their package pins or leads popularly used in in- 
tegrated circuits and some discrete components involves 



the bonding of both the device die and the die contact 
pads. The device die is fixedly secured to a substrate in 
the die-bonding process, while wire-bonding connects a 
length of wire of selected metal or alloy between the con- 
tact pads on the circuit die and their corresponding pins 
of the package. In the case of ICs, this wire-bonding facil- 
itates the wired connection between contact pads dis- 
tributed around the periphery of the IC die and their cor- 
responding connection points on the lead-frame of the 
chip carrier (package). Although straightforward, however, 
die- and wire-bonding is relatively tedious, time- 
consuming and costly as mechanical maneuvering is nec- 
essary for each bonding. 
[0008] Note that bonding provided by hardened metal grain- 
containing bonding pastes can not be considered metal 
bond. The resin-based material embedding the metal 
grains is susceptible to changes in environmental factors, 
temperature and humidity in particular. More, these con- 
ventional methods, die-/wire-bonding and similar inclu- 
sive, are not suitable for large-power applications such as 
power diodes. 

[0009] Some prior-art components, power transistor and diodes 
in particular, require the stability and strong bond pro- 



vided by metal bonding due to thermal stresses arising 
from their operation. However, conventional metal bond- 
ing has been relying on rare and expensive metals such as 
rhodium, molybdenum and platinum so that manufactur- 
ing costs are high. 
Summary of Invention 

[0010] it is therefore an object of the present invention to pro- 
vide a method of fabricating metal bonding for semicon- 
ductor circuit components between die electrical contacts 
and package electrical leads that is reliable within the 
temperature ranges during both fabrication and operation 
of circuit components. 

[° 01 1 ] It is another object of the present invention to provide a 

method of fabricating reliable metal bonding for semicon- 
ductor circuit components at low costs. 

[0012] | n order to achieve the above and other objects, the 

present invention provides a method for the fabrication of 
metal bonding for a semiconductor circuit component 
employing prescribed feed of metal ball. The metal bond- 
ing frabrication method comprises the steps of, first, 
placing a metal ball at the metallization site on the surface 
of the circuit die of the component; then, melting the 
metal ball on the site; and subsequently solidifying the 



molten metal and forming a metal bump at the site. 
Brief Description of Drawings 

[0013] The above and other objects, features, and advantages of 
this invention will become apparent by way of the follow- 
ing detailed description of the preferred but non-limiting 
embodiments. The description is made with reference to 
the accompanying drawings in which. 

[0014] FIG. 1 is a cross-sectional view showing a semiconductor 
wafer for the manufacture of circuit components featuring 
metal bonding in accordance with a preferred embodi- 
ment of the present invention. 

[0015] FIG. 2 is a cross-sectional view showing the placement of 
one feed of bonding metal on the surface of each unit of 
circuit die of the wafer. 

[0016] FIG. 3 is a cross-sectional view showing the melt-bonding 
of each metal ball feed of FIG. 2 onto the surface of the 
corresponding unit of circuit die of the wafer. 

[0017] FIG. 4 is a cross-sectional view illustrating the separation 
of the circuit dice from the gross wafer of FIG. 3. 

[0018] FIG. 5 is a cross-sectional view illustrating the individual 
circuit dice formed as a result of the separation imple- 
mented in FIG. 4. 

[0019] FIG. 6 is a cross-sectional view illustrating the placement 



of one circuit die with a metal bump formed to one sur- 
face thereof into one corresponding recessed space 
formed over the surface of a fixture. 

[0020] FIG. 7 is a top view illustrating the placement of one feed 
of bonding metal on the surface of each unit of circuit die 
as settled in the corresponding recessed space thereof. 

[0021] FIG. 8 is a cross-sectional view illustrating the orderly 

placement of one feed of bonding metal ball onto the sur- 
face of one circuit die placed in the recessed space of the 
fixture. 

[0022] FIG. 9 is a cross-sectional view illustrating the melt- 
bonding of each metal ball feed of FIG. 8 onto the surface 
of the corresponding unit circuit die placed in the corre- 
sponding recessed space of the fixture. 

[0023] FIG. 10 is a cross-sectional view illustrating the formation 
of one metal bump on each of the two opposite surfaces 
of a diode with a planar P/N junction after physically sep- 
arated into one individual die. 

[0024] FIG. 11 is a cross-sectional view illustrating the formation 
of one metal bump on each of the two opposite surfaces 
of a diode with a planar P/N junction after physically sep- 
arated into one individual die. 

[0025] FIG. 12 is a cross-sectional view illustrating the formation 



of one metal bump on each of the two opposite surfaces 
of a diode with a mesa P/N junction after physically sepa- 
rated into one individual die. 
Detailed Description 

[0026] The present invention discloses a method for fabricating 
metal bonding for semiconductor circuit components that 
employs prescribed feeds of metal balls, which allow for 
the manufacture of components having strong and stable 
metal bonds. Although discrete circuit components are 
used in the following descriptive paragraphs for the de- 
scription of the present invention, the method of the 
present invention, however, is equally suitable for appli- 
cation to integrated circuits. 

[0027] Also, the method of the present invention can be tightly 
combined with the semiconductor wafer fabrication stage 
of the manufacture of a circuit component. In other 
words, method procedural steps of the present invention 
can be adequately intermixed and integrated with the 
wafer fabrication of the target circuit dice. On the other 
hand, the method of the present invention can also be ini- 
tiated after the fabrication of a wafer of the target circuit 
dice has generally been concluded. The method of the 
present invention then takes such a wafer as input for 



processing. Thus, the method of the present invention es- 
sentially does not interfere with the semiconductor fabri- 
cation processing. Rather, it can be considered as a suc- 
ceeding processing that add to the target circuit compo- 
nent the valuable characteristics of metal bonding. 
[0028] More, the metal described in the following embodiments 
of the present invention can be any metal or alloy suitable 
for the purpose of providing electrically conductive bond- 
ing between the circuit die and the electrical leads of its 
protective packaging. Preferred metals are those having a 
melting temperature sufficiently above the designed oper- 
ating temperature and below the semiconductor fabrica- 
tion processing temperature range of the target compo- 
nent. 

[0029] As indicated, discrete circuit components are used as ex- 
amples for the description of the present invention. FIG. 1 
illustrates a cross-sectional view showing a semiconduc- 
tor wafer for the manufacture of circuit components fea- 
turing metal bonding in accordance with a preferred em- 
bodiment of the present invention. A section of a wafer 
100 including a number of units of circuit dies 110 not yet 
physically separated is shown in the cross-sectional view. 
Note that details of the semiconductor structural configu- 



ration of each die 110 (which may, for example, be a 
diode) are not elaborated in the drawing as they are not 
the subject matter of the present invention. 

[0030] T 0 p surface of each die 110 in FIG. 1 has a metallization 
surface area ready to accept the placement of one feed of 
metal ball 120 as is shown in FIG. 2. Before the placement 
of the feeds 120, the location of ball placement for each 
unit die 110 can be prepared with a coating of bonding 
flux via, for example, a screen-printing process. This as- 
sists in the temporary secured attachment of each of the 
placed feeds of metal balls 120 before melted to inflict a 
true metal bonding between the feed of metal 120 and the 
metallization surface of the die 110. The coated flux itself 
can also assists in the metal bonding. 

[° 031 ] It should also be mentioned that the gross placement of 
an entire matrix of feed balls over the surface of a wafer 
such as illustrated in FIG. 2 is achievable via mechanical 
manipulations involving, for example, the shaking of the 
balls after they are poured thereon. Although not detailed 
in FIGS. 1 and 2, the top surface of each of the dice where 
a metal feed ball is to be placed, selective surface charac- 
teristics of the wafer assists in achieving the placement of 
one and only one ball for each die. 



[0032] Then, the wafer 100 of FIG. 2, together with its placement 
of matrix of metal feed balls 120, can be subject to a 
thermal processing scheme that melts all the balls on-site 
their respective placement location, as is illustrated in FIG. 
3. The thermal processing to melt the feed balls may, for 
example, be a thermal reflow. In the drawing, the cross- 
sectional view shows the melt-bonding of each metal ball 
feed of FIG. 2 results into a metal bump 122 on top the 
surface of the corresponding unit of circuit die 110 of the 
wafer 100. Note that the size of the bump 122 can be 
easily controllable by selecting the size of the balls 120. 
Also, shapes of all the bumps 122 for the entire matrix 
can be within a high degree of uniformity. 

[0033] As mentioned, the metal or alloy selected for the balls 120 
has a melting temperature sufficiently above the designed 
operating temperature range and below the semiconduc- 
tor fabrication processing temperature range of the target 
component. 

[0034] After the formation of the metal bumps 122 in FIG. 3, the 
wafer 100 of FIG. 3 can then be submitted for a cutting 
procedure that physically separates all individual dice 
from the gross wafer, as is illustrated in FIG. 4. FIG. 4 is a 
cross-sectional view illustrating the locations of separa- 



tion of the circuit dice from the gross wafer of FIG. 3. The 
result of this separation is illustrated in FIG. 5 as individ- 
ual single-bump dice 112. 
[0035] if the design of a circuit component requires that the die 
has one single metal bump, the individual dice as cut from 
the wafer and shown in FIG. 5 can then be sent for the 
packaging procedural steps, and the metal-bonding pro- 
cessing of the present invention concludes. The post pro- 
cessing of the circuit dices eventually results into com- 
plete circuit components equipped with stable and reliable 
metal bonding. 

[0036] \f t however, each of the target circuit dice needs two or 
more metal bumps, the processing of the present inven- 
tion continues from FIG. 3 as illustrated in FIG. 6. FIG. 6 is 
a cross-sectional view illustrating the placement of one 
circuit die with a metal bump formed to one surface 
thereof into one corresponding recessed space formed 
over the surface of a fixture. As is illustrated in the cross- 
sectional view, the fixture 140 provides an entire array of 
spaces 144, each of which can be used to accommodate 
one circuit die 112. A plain view of the fixture can be seen 
in FIG. 7 to be described below. 

[0037] a s j S illustrated, each of the circuit die 112 falling into its 



corresponding space 144 in the fixture 140 has its metal 
bump 122 facing downward. 
[0038] The second metal bump can then be formed for each of 
the circuit die already placed in its corresponding space 
within the fixture, as is illustrated in FIG. 7. FIG. 7 is a top 
view illustrating the placement of one feed of bonding 
metal on the surface of each unit of circuit die settled in 
the corresponding space thereof. One and only one metal 
feed ball 160 is placed on the designated site over the 
surface of a circuit die 112. As is shown, each of the dice 
112 is in turn placed within its space 144 of the fixture 
140. 

[0039] FIG. 8 is a cross-sectional view illustrating the orderly 

placement of one feed of bonding metal ball onto the sur- 
face of one circuit die placed in the corresponding space 
of the fixture. Top surface of the die 112, similar to that 
described above for the formation of the first metal bump, 
can also assist in the aligned placement of the feed ball 
onto the die. 

[0040] a thermal processing scheme, a thermal reflow for exam- 
ple, then follows to melt each of the placed metal feed 
balls. FIG. 9 is a cross-sectional view illustrating the melt- 
bonding of each metal ball feed of FIG. 8 onto the surface 



of the corresponding unit circuit die. Result of the thermal 
processing is a second metal bump 162 for each of the 
processed dice 112. 

[0041] N 0te t hat the size and shape of this second metal bump 
162 for each die 112 can be different from its first bump 
122, as is illustrated in FIG. 9. Again, the size of this sec- 
ond bump 162 is also controllable via adjustment of the 
second metal feed balls 160, it is also equally applicable 
that if the second bump is required to be of the same size 
as that of the first. Shape of the bumps among all dice 
would also be uniform. 

[0042] shape and size of the metal bumps are controllable via 
selection of the size, weight and/or material of the metal 
ball feeds. Such control can be advantageous in the fabri- 
cation of certain discrete components such as, for exam- 
ple, diodes and transistors. For example, P/N polarities of 
a batch of diodes fabricated can be easily aligned in uni- 
formity by arranging different size and or weight of the 
respective metal bumps formed on the opposite surfaces 
of each of the device die. 

[0043] FIGS. 10, 11 and 12 respectively depicts the cross-section 
view of dice of three types of diode made with metal 
bumps in accordance with the present invention that can 



be used to form metal bonding in their respective packag- 
ing. FIG. 10 is a cross-sectional view illustrating the for- 
mation of one metal bump, 1022 and 1062 respectively, 
on each of the two opposite surfaces of a diode 1012 with 
a planar P/N junction after physically separated into one 
individual die. FIG. 11 is a cross-sectional view illustrating 
the formation of one metal bump, 1122 and 1162 respec- 
tively, on each of the two opposite surfaces of a diode 
1112 with a planar P/N junction after physically separated 
into one individual die. And, FIG. 12 is a cross-sectional 
view illustrating the formation of one metal bump, 1222 
and 1262 respectively, on each of the two opposite sur- 
faces of a diode 1212 with a mesa P/N junction after 
physically separated into one individual die. 
[0044] The above descriptive paragraphs, together with the ac- 
companying drawings, describe a general method for the 
fabrication of metal bonding of a semiconductor circuit 
component employing prescribed feed of metal ball. An 
inventive method in accordance with the teaching of the 
present invention thus comprises the steps of, first, plac- 
ing a metal ball at the metallization site on the surface of 
the circuit die of the component; then, melting the metal 
ball on the site; and subsequently solidifying the molten 



metal and forming a metal bump at the site. 

[0045] As is comprehensible, different metallic material such as, 
copper, aluminum, tin and lead and the their alloy are ap- 
plicable for use in a process of the present invention for 
forming metallic bumps. 

[0046] Metal bonding is a more reliable method of die-package 
electrical connection than others. Metal bonds are stable 
and therefore secure within the typical operating temper- 
ature range (about 200 to 700 degree Celsius) of semi- 
conductor components. On the other hand, the tempera- 
ture range for the formation of metal bonds is normally 
well below the temperatures for typical semiconductor 
fabrication processing. Thus, metal bonding processing 
steps implemented after the fabrication of circuit die is 
concluded in a semiconductor facility is advantageous. 
This is because the metal-bonding processing does not 
damage the die due to the fact that the thermal-based 
processing temperature range for metal bonding is typi- 
cally well below that for the die fabrication. Further, since 
only thermal processing is required without the involve- 
ment of any acid and/or base treatments, the metal bond- 
ing in accordance with the teaching of the present inven- 
tion has little, if any at all, effect on the quality of the cir- 



cuit die obviously more environmental-friendly. 
[0047] while the above is a full description of the specific em- 
bodiments of the present invention, various modifications, 
alternative constructions and equivalents may be used. 
Therefore, the above description and illustrations should 
not be taken as limiting the scope of the present invention 
which is defined by the appended claims. 



